The food-processing industry generates substantial quantities of phenolic-rich by-products that could be valuable natural sources of antioxidants. In this study, the antioxidant properties and total phenolic and flavonoid contents of three industrial by-products (potato peels, sugar beet pulp, and sesame cake) extracted with different solvents were evaluated. Methanol exhibited the highest extraction ability for phenolic compounds, with total phenolics amounting to 2.91, 1.79, and 0.81 mg gallic acid equivalent g −1 dry weight in potato peels, sugar beet pulp, and sesame cake extracts, respectively. Methanolic extracts showed the strongest antioxidant capacity in the two performed assays. The bioactive components extracted with ethanol were further examined for their antioxidant activity in comparison with synthetic antioxidants under accelerated oxidation conditions using sunflower oil as oxidation substrates for 72 h at 70 • C. Inverse relationships were noted between peroxide values and oxidative stabilities and also between secondary oxidation products, measured by p-anisidine value and stabilities at termination of the storage. The high performance liquid chromatography analysis of potato peels, sugar beet pulp, and sesame cake extracts revealed the presence of phenolic compounds. On the basis of the obtained results, potato peels, sugar beet pulp, and sesame cake extracts could serve as natural antioxidants and might be explored to prevent oxidation of vegetable oils. Therefore, they could be used as preservative ingredients in the food and/or pharmaceutical industries.
INTRODUCTION
Lipid peroxidation results in formation of reactive oxygen species and free radicals; which are purportedly associated with carcinogenesis, mutagenesis, inflammation, DNA changes, aging, and cardiovascular diseases. [1] Food lipids undergo a variety of [6] In processing, 10-25% of the raw product is discharged as waste. Peels are the major waste of potato processing that is perishable and cause many management problems in terms of disposal and sanitation. Sugar is a strategic commodity to many countries of the world. Sugar beet (Beta vulgaris) pulp is a sugar-depleted and highly fibrous material that is produced after sugar is extracted from the sugar beet. Pulp is a valuable cattle feed and supplies carbohydrates, proteins, and minerals. The pulp content of sugar beet ranges from 4 to 6%. [7] Sesame (Sesamum indicum L., Pedaliaceae) is one of the most important oilseed crops in the world. It is not only a source of edible oil, but is also widely used in baked goods and confectionery products. [8] The sesame cake is a by-product of the oil industry, which could be recovered and used as a value added product. However, in some sesame processing countries, this by-product is generally discarded or used in animal feeding.
The objectives of this investigation were to evaluate potato peels, sesame cake, and sugar beet pulp as sources of natural antioxidant using different extracting solvents to determine their antioxidant capacities. The total phenolics and flavonoids contents were determined. Since different antioxidant compounds have different mechanisms of action, different methods have been used to assess the antioxidant efficacy of extracts. The aim of this work was also to evaluate the antioxidant effectiveness of potato peels, sesame cake, and sugar beet pulp extracts during oxidation of sunflower oil by measuring both primary (hydroperoxides) and secondary oxidation products and to compare its antioxidant activity with commercial antioxidants. The study also attempted to identify the antioxidant compounds present in the extracts using chromatographic and spectroscopic techniques.
MATERIALS AND METHODS

Materials and Reagents
Potato peels (Solanum tuberosum cv Diamond) obtained from a local potato chip manufacturer (October 6, Egypt) and sesame cake (Sesamum indicum cv Shandweel-3) purchased from Hamada market (Giza, Egypt) in November 2007 and stored in a deep freeze at −20
• C until use. Sugar beet pulp (Beta vulgaris cv Gloriato) was supplied by a local sugar manufacturer (Fayoum, Egypt). BHA, BHT, chlorogenic acid, and vanillic acid were purchased from Sigma (St. Louis, MO, USA). 1,1-Diphenyl-2-picrylhydrazyl (DPPH), pcoumaric acid, TBHQ, p-anisidine (4-amino-anisol; 4-methoxy-anilin), cinnamic acid, and β-carotene were obtained from Fluka (Buchs, Switzerland). All other chemicals used were analytical grade. Sunflower oil was produced by Brökelmann-Oelmühle GmbH (Hamm, Germany) obtained from Aldi supermarket (Berlin, Germany) and the oil was free of any synthetic antioxidant.
Sample Preparation
Potato peels, sesame cake, and sugar beet pulp were washed, dried at 40
• C, and ground to fine powder in a mill. Ground materials (10 g) were extracted with organic solvents (100 mL) methanol, ethanol, acetone, hexane, petroleum ether, and diethyl ether overnight in a shaker at room temperature followed by filtration through Whatman No. 1 filter paper. The residues were re-extracted under the same conditions. The combined filtrates were evaporated in a rotary evaporator below at 35
• C. The extracts obtained after evaporation of organic solvents were weighted to determine the extract yield and stored at −20
• C.
Determination of Total Phenolics
Total phenolic content of each extract was determined by Folin-Ciocalteu micromethod. [9] A 20-µL aliquot of extract solution was mixed with 1.16 mL of distilled water and 100 µL of Folin-Ciocalteu reagent, followed by the addition of 300 µL of Na 2 CO 3 solution (20%). The mixture was incubated in a shaking incubator at 40
• C for 30 min and its absorbance at 760 nm was recorded. Gallic acid was used as a standard for calibration curve. Total phenolic content expressed as gallic acid equivalent (GAE) was calculated using the following linear equation based on the calibration curve:
where A is the absorbance and C is the concentration.
Determination of Total Flavonoids
A 0.5 mL aliquot of 2% AlCl 3 ethanolic solution was added to 0.5 mL of extract solution. After 1 h at room temperature, the absorbance at 420 nm was measured. A yellow color indicated the presence of flavonoids. Extract samples were evaluated at a final concentration of 0.1 mg mL −1 . Total flavonoid content expressed as quercetin equivalent (QE) was calculated using the following equation based on the calibration curve:
where x is the absorbance and y is the concentration.
Antioxidant Activity of Extracts
Determination of DPPH · radical scavenging activity. The 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay [10] was utilized with some modifications. The stock reagent solution (1 × 10 −3 M) was prepared by dissolving 22 mg of DPPH in 50 mL of methanol and stored at −20
• C until use. The working solution (6 × 10 −5 M) was prepared by mixing 6 mL of the stock solution with 100 mL of methanol to obtain an absorbance value of 0.8 ± 0.02 at 515 nm, as measured using a spectrophotometer. Extract and synthetic antioxidants (TBHQ, BHA, and BHT in ethanol) solutions of different concentrations (5, 10, 50, 100, and 200 µg mL −1 , based on extract weight) (0.1 mL of each) were vortexed for 30 s with 3.9 mL of DPPH solution and left to react for 30 min, after which the absorbance at 515 nm was recorded. A control with no added extract was also analyzed. Scavenging activity was calculated as follows:
where A is the absorbance at 515 nm.
β-Carotene/linoleic acid bleaching assay. The ability of extracts and synthetic antioxidants to prevent the bleaching of β-carotene was assessed. In brief, 0.2 mg β-carotene in 1 mL chloroform, 20 mg of linoleic acid, and 200 mg of Tween 20 were placed in a round-bottom flask. After removal of the chloroform, 50 mL of distilled water was added and the resulting mixture was stirred vigorously. Aliquots (6 mL) of the emulsion were transferred to tubes containing different concentrations of extracts/synthetic antioxidants (5, 10, 50, 100, and 200 µg mL −1 , based on extract weight). Immediately after mixing, an aliquot from each tube was transferred into a cuvette and the absorbance (Abs 0 ) at 470 nm was recorded. The remaining samples were placed in a water bath at 50
• C for 2 h then the absorbance at 470 nm was recorded (Abs 120 ). A control with no added extract was also analyzed.
Antioxidant activity was calculated as follows: 
Storage Experiment
Sample preparation for oxidative stability determination. Ethanolic extracts of potato peels, sesame cake, and sugar beet pulp were applied to commercial edible sunflower oil (free of any antioxidant) at different concentrations (5, 10, 50, 100, and 200 ppm, based on extract weight), in a series of transparent glass bottles having a volume of 20 mL each, to examine their antioxidative activity. TBHQ, BHA, and BHT at a level of 200 ppm were also applied for comparison. The bottles were completely filled with oil and sealed. A control sample was prepared by using the same amount of methanol used to dissolve the antioxidant and the extracts. The antioxidant-enriched oil samples were evaporated in a vacuum evaporator below 40
• C to evaporate the solvent and subjected to accelerated oxidation in the dark in an oven at 70
• C for 72 h. Aliquots (20 g) were removed periodically, every 4, 8, 24, 32, 48, 56 , and 72 h for analysis. Immediately after the storage period, oil samples were withdrawn for triplicate analyses. The oils were sampled for each measurement from separate bottles.
Analytical Procedures
Peroxide value (PV). Peroxide value of samples was measured according to AOCS. [11] The method is based on iodometric titration, which measures the iodine produced from potassium iodide by the peroxides present in the oil. In a stopper conical flask (250 mL) vegetable oils sample (4 ± 0.5 g) was taken along with chloroform (10 mL), glacial acetic acid (15 mL), and fresh saturated aqueous potassium iodide solution (1 mL). The flask was stoppered and shaken vigorously for 1 min and then kept in the dark for 5 min more. Double distilled water (10 mL) was mixed thoroughly with the solution and titrated against 0.002 N sodium thiosulphate solution until the yellow color almost disappeared. Then about 0.5 mL of soluble starch indicator (1%) solution was added. Titration was continued until the blue color just disappeared. One blank reagent (without sample) was prepared:
where V is the titer value (mL) of sodium thiosulphate solution for sample, V 0 the titer value (mL) of sodium thiosulphate solution for blank, N the normality of sodium thiosulphate solution, and W the weight of sample in grams. p-Anisidine value (AV). The p-anisidine value (AV) was determined according to Cd 18-90 method. [11] The method is based on the spectrophotometric determination of products formed in the reaction between aldehydic compounds in the oil and p-anisidine. Oil samples (0.5-2.0 g) were dissolved in 25 mL iso-octane, and absorbance was measured at 350 nm using a spectrophotometer (Hitachi U-3000, Tokyo, Japan). Five milliliters of the above mixture were mixed with 1 mL 0.25% p-anisidine in glacial acetic acid (w/v) and after 10 min standing, absorbance was read at 350 nm. The p-anisidine value (AV) was calculated according to the equation:
where As is the absorbance of the fat solution after reaction with the p-anisidine reagent, Ab is the absorbance of the fat solution, and m is the mass of oil sample (g).
Conjugated Dienes (CD) and Conjugated Trienes (CT)
Specific extinctions at 232 and 270 nm (i.e., conjugated dienes and conjugated trienes) were determined using a spectrophotometer. Oil samples were diluted with isooctane to bring the absorbance within limits following the standard method of IUPAC. [12] 
HPLC Analysis and UV Scan of Methanolic Extracts
The ground materials of potato peels, sesame cake, and sugar beet pulp were used to extract the phenolic acids with 70% methanol (pH 4.0) and placed in ultrasonic water bath with ice for 15 min for better cell wall disintegration. The pellet was re-extracted two times after centrifugation. The supernatant was collected and concentrated in a vacuum concentrator for about 2 h to a certain volume and then dissolved in 40% acetonitrile. The samples were filtrated and injected into the HPLC.
Instrumentation and chromatographic conditions. The separation of phenolic compounds was performed on HPLC (Dionex Summit P680A HPLC-System; Dionex, Sunnyvale, CA, USA) equipped with P680 pump, ASI-100 automated sample injector, a Narrow-Bore AcclaimPA C16-column (3 µm, 2.1 × 150 mm, Dionex), PSA-100 photodiode array detector (Dionex), and software Chromeleon 6. 
Statistical Analysis
Statistical analyses were conducted using SPSS (Statistical Program for Social Sciences, SPSS Corporation, Chicago, IL, USA) version 16.0 for Windows. All analyses were performed in triplicate and data reported as means ± standard deviation (SD). Data were subjected to analysis of variance (ANOVA). The confidence limits used in this study were based on 95% (P < 0.05).
RESULTS AND DISCUSSION
Total Phenolic and Flavonoid Contents as Affected by Solvent Extraction
The amount of total phenolics and flavonoids determined in different extracts of potato peels, sugar beet pulp, and sesame cake is shown in Table 1 . Total phenolic contents (TPC) were determined using Folin-Ciocalteu reagent. Folin-Ciocalteu reagent reacts nonspecifically with phenolic compounds as it can be reduced by a number of nonphenolic compounds (e.g., vitamin C and Cu (II)). Exact reaction of the reagent with reducing species is not known, but it is considered that a complex is formed between phosphomolybdic tungstate and reducing species, phenolate ion, changing color from yellow to blue where absorbance at 760 nm is measured against gallic acid as a standard. [13] The contents of total phenolics varied in the different extracts, ranging from 0.08 to 2.91 mg gallic acid equivalent (GAE) g −1 DW. The results revealed that methanol and ethanol were better than the other solvents for extracting phenolic compounds owing to their higher polarity and good solubility of phenolic components. The data in Table 1 show DW for sesame cake. The lower-polarity solvents, particularly hexane, petroleum ether, and diethyl ether, showed much lower ability to extract phenolic compounds compared with the higher-polarity solvents. Potato peels methanolic extract had a high level of phenolic compounds (2.91 mg GAE g −1 DW) that was found to be greater than carrot (1.52 mg GAE g −1 DW), [14] wheat bran and onion (1.0 and 2.5 mg GAE g −1 DW, respectively), [15] and significantly higher than other reported fruits and vegetables. [16] Because antioxidant activity does not always correlate with the presence of large quantities of phenolic compounds, the two sets of data need to be examined together. Flavonoids possess a broad spectrum of chemical and biological activities including radical scavenging properties. For this reason, all extracts were analyzed for total phenolic, and flavonoid contents. Sugar beet pulp extracts had the highest total flavonoid contents, with values ranging from 0.46 to 1.24 (mg quercetain equivalent [QE] g −1 dry weight [DW]) followed by potato peels and sesame cake extracts, depending on the solvent used for extraction. The latter levels are high compared with flavonoid contents reported previously in Lollo Rosso, for example, 0.24 mg/g in green tissue; 0.43 mg/g in white tissue, [17] and 0.21 mg/g was reported by Du Pont et al. [18] Antioxidant Activity
The antioxidant activity depends on the type and polarity of the extracting solvent, the isolation procedures, purity of active compounds, as well as the test system and substrate to be protected by the antioxidant. The antioxidant potential of a compound is different according to different antioxidant assays or, for the same assay when the polarity of the medium differs, since the interaction of the antioxidant with other compounds plays an important role in the activity. Therefore, several methods based on different mechanisms must be used. [19] DPPH Radical-Scavenging Activity Free radicals involved in the process of lipid peroxidation are considered to play a major role in numerous chronic pathologies, such as cancer and cardiovascular diseases.
DPPH · is considered to be a model of a stable lipophilic radical with deep violet color.
A chain reaction of lipophilic radicals is initiated by lipid autoxidation. Antioxidants react with DPPH · , reducing the number of DPPH · free radicals equal to the number of their available hydroxyl groups. Therefore, the absorption at 515 nm is proportional to the amount of residual DPPH · . It is visually noticeable as a discoloration from purple to yellow. Because these radicals are very sensitive to the presence of hydrogen donors, the whole system operates at very low concentration; with it, it can allow a large number of samples to be tested in a short time. [20] At 200 ppm concentration, methanolic extracts of potato peels, sugar beet pulp, and sesame cake exhibited 72, 62, and 48% antioxidant activity, respectively ( Fig. 1) . At 200 ppm concentrations, ethanolic extracts of potato peels, sugar beet pulp, and sesame cake exhibited 66, 42, and 46% antioxidant activity, respectively. Methanolic and ethanolic extracts showed relatively high antioxidant activity as strong as that of BHA and BHT, but weaker than that of TBHQ, and contained the highest amount of total phenolic compounds (Table 1) . These findings are in close agreement with previous findings of Singh et al., [21] who found a strong correlation between the contents of TPC and DPPH · scavenging activity of methanolic extract from pomegranate peels. These results indicate that the three materials have a noticeable effect on scavenging free radicals. The antioxidant activity of the natural plant extracts is generally attributed to their hydrogen donating ability. It is well known that free radicals cause auto-oxidation of unsaturated lipids in food. [22] Antioxidants are believed to intercept the free radical chain of oxidation by donating hydrogen from the phenolic hydroxyl groups, thereby forming a stable end product, which does not initiate or propagate oxidation of the lipids. [22] The data obtained reveal that the materials function as free radical inhibitors and primary antioxidants that interact with free radicals.
β-Carotene/Linoleic Acid Bleaching
In this assay, oxidation of linoleic acid produces hydroperoxide-derived free radicals that attack the chromophore of β-carotene, resulting in bleaching of the reaction emulsion. An extract capable of retarding/inhibiting the oxidation of β-carotene may be described as a free radical scavenger and primary antioxidant. As can be seen in Fig. 2 , all extracts were capable of inhibiting the bleaching of β-carotene by scavenging linoleate-derived free radicals. The order of decreasing efficacy at a dose of 200 µg mL −1 was TBHQ > methanol extracts > BHT = ethanol extracts > BHA > acetone extracts > diethyl ether extracts > hexane extracts = petroleum ether extracts. The results reveal that, overall, methanolic and ethanolic extracts had comparable scavenging ability to the synthetic antioxidants (BHA, BHT, and TBHQ).
It has been suggested that the polarity of an extract is important in water-oil emulsions, in that non-polar extracts are more effective antioxidants than polar extracts owing to a 'concentrating effect' within the lipid phase. Thus, it would be expected that the less polar extracts would be more potent. This phenomenon was not observed in the case of all extracts studied here, a finding which has been previously reported. [23] Considering the results of the two assays, the extracts prepared from potato peels had the highest antioxidant activity, followed by those prepared from sugar beet pulp, while sesame cake extracts were less effective. This may be due to the high soluble sugar and protein contents of sesame cake, which could produce considerable interference in these antioxidant capacity assays. Phenolic compounds can explain high antioxidant capacity, [24] although some authors have reported that there is no correlation between the content of these main antioxidant compounds and radical-scavenging capacity. The results obtained by the authors do not support these claims.
Stability of Sunflower Oil as Affected by Addition of Different Extracts
Oil stability is usually determined under accelerated oxidation conditions (60
• C or more) because ambient conditions demand an excessively long period. Similar accelerated storage tests have been used by other authors to evaluate the efficacy of antioxidants. [25, 26] Methanol showed slightly better characteristics than ethanol as a solvent for phenolic compounds, flavonoids, and antioxidant activity but the differences were not significant. Thus, ethanol would be a more appropriate solvent for use in the food industry. To evaluate the antioxidant efficacies of ethanolic extracts in sunflower oil, PV, AV, and UV absorptivity were determined as indices of lipid oxidation. The oxidative stability studies were carried out at 70
• C in an oven. This temperature was ideal, because at higher temperatures the peroxides will decompose fast.
Effect of Ethanolic Extracts on Sunflower Oil Oxidation
Peroxide value (PV) is a measure of the concentration of peroxides and hydroperoxides formed in the initial stages of lipid oxidation. Peroxide value is one of the most widely used tests for the measurement of oxidative rancidity in oils and fats. Oxidation degree on sunflower oil samples was determined in the absence and presence of antioxidants at 70
• C for 72 h. The influence of antioxidants on PV of potato peels, sugar beet pulp, and sesame cake ethanolic extracts during storage is shown in Fig. 3 . In general, peroxide value of all sunflower oil samples increased significantly (p < 0.05) with increasing storage time. At the beginning of the experiment, all samples including the control indicated similar peroxide value. After 4 and 8 h of storage, all the antioxidant fortified samples differed significantly (p < 0.05) in their peroxide formation levels except potato peels, sugar beet pulp, and sesame cake extracts at 5 and 10 ppm. From 24 h onward, all the treatments had significantly (p < 0.05) lower peroxide value compared with the control. Ability of antioxidants in preventing peroxide formation in samples decreased in the order of TBHQ > potato peel extract (PPE) > BHT > BHA = suger beet pulp extract (SBP) > sesame cake extract (SCE) throughout the storage period. TBHQ showed the highest ability in preventing peroxide formation because TBHQ is a strong antioxidant and stable at high temperature and less volatile than BHA and BHT. Regarding the inhibitory effect of natural antioxidants in peroxide formation, sesame cake extracts showed poor performance than other antioxidants. This is in accordance with previous finding that sesame cake extract has lower antioxidant activity.
p-Anisidine value (AV) plays an important role in the oxidation process of edible oil and fats. Calculating AV is one of the oldest methods for evaluating secondary lipid oxidation. It is based on the reactiveness of the aldehyde carbonyl bond on the p-anisidine amine group, leading to the formation of a Schiff base that absorbs at 350 nm: [27] R=CH=O + H 2 N--OMe → R-CH=N--OMe (Schiff base)+H 2 O. significantly throughout the storage time and increased significantly after 32 h. The panisidine value of control reached a maximum of 14.22 ± 0.14 from an initial value of 0.98 ± 0.13 after 72 h of storage. The difference in antioxidant activity may be accounted for on the basis of chemical structures. The stability of phenoxy radicals reduces the rate of propagation and further reactions and thus increases the oxidative stability of lipids. [27] The results demonstrated that PPE had higher antioxidant activity than BHA and BHT but lower than TBHQ. In addition, in most cases, the synthetic antioxidant TBHQ, which has two para-hydroxyl groups, can make the phenols more easily donate hydrogen atoms to active free radicals to interrupt the chain reaction of oxidation and this is responsible for superior antioxidant activity in various edible oils. [27] In this study, in comparison with synthetic antioxidants, effects of potato peels, sugar beet pulp, and sesame cake extracts may also play an important role in the observed trends.
Conjugated dienes (CD) and trienes (CT) contents of sunflower oil samples stabilized with natural extracts, BHT, BHA, TBHQ, and the controls are shown in Figs. 5 and 6. Absorption at 232 and 270 nm, due to the formation of primary and secondary compounds of oxidation, showed a pattern in good agreement with that of the PV and AV. The CD and CT contents increased parallel to the increase of storage time with a greater rate for control. The oil samples stabilized with PPE, SBP, and SCE extracts showed lower levels of CD and CT compared to the control, indicating antioxidant potential of the potato peels, sugar beet pulp, and sesame cake extracted components. The results of the CD and CT in the present study revealed the antioxidant activity of extracts applied at 200 ppm as strong as that of BHA and BHT but weaker than that of TBHQ at their legal amounts. Measurement of CD and CT is a good parameter for the determination of oxidative stability of the oils. [26] Lipids containing methylene-interrupted dienes or polyenes show a shift in their double bond position during oxidation. The resulting conjugated dienes exhibit intense absorption at 232 nm; similarly, conjugated trienes absorb at 270 nm.
Identification of Phenolic Compounds Using UV Spectra
To know what is/are the responsible active ingredient(s) in potato peels, sugar beet pulp, and sesame cake absorptivity spectra between 200 and 400 nm were screened. Phenolic compounds exhibit two major absorption bands in the ultraviolet/visible region: a first band in the range between 320 and 380 nm and a second band in the 250 to 285 nm range. As can be seen from Fig. 7 , methanolic extracts of potato peels, sugar beet pulp, and sesame cake showed maximum absorption in the range between 220 and 380 nm. This absorbance was more accentuated for potato peels extract than sugar beet pulp and sesame cake. These results are in agreement with the peroxide and p-anisidine values, which showed that potato peels extract had the highest antioxidant activity followed by sugar beet pulp and sesame cake. Absorption maxima of extracts at 220 nm may be due to the presence of flavone/flavonol derivatives. [26] 
Identification of Phenolic Compounds Using HPLC
The analysis of phenolic compounds is very challenging due to the great variety and reactivity of these compounds. On the other hand, polyphenolics are suitable compounds for analysis using modern separation and detection methods, such as hyphenated techniques of high performance liquid chromatography (HPLC) with mass spectrometry (MS), ultraviolet-visible light (UV/Vis), or nuclear magnetic resonance (NMR) spectroscopy. For the purpose of separation and quantification of individual phenolic compounds, HPLC is most frequently used because of its high-separation capacity and relative simplicity. It does not require sample derivatization prior to analysis. [28] Chlorogenic, caffeic, 4-hydroxybenzoic, p-coumaric, vanillic, trans-o-hydroxycinnamic, cinnamic, and sinapic acids were detected in potato peels, sugar beet pulp, and sesame cake extracts. These compounds have been identified according to their retention time and the spectral characteristics of their peaks compared to those of standards, as well as by spiking the sample with standards. Tentative identification of peaks for which standard compounds were not available was obtained by comparing their retention time with the data from the literature.
Figures 8a-8c show a representative chromatogram of the crude extracts of potato peels, sugar beet pulp, and sesame cake, respectively. Chlorogenic acid was detected to be the major phenolic component in extracts of potato peels. Caffeic, 4-hydroxybenzoic, p-coumaric, and trans-o-hydroxycinnamic acids were also predominant in extracts of potato peels. While in extracts of sugar beet pulp, p-coumaric acid was the major phenolic component. Caffeic, 4-hydroxybenzoic, sinapic, and vanillic acids were also predominant in extracts of sugar beet pulp. Figure 8c shows that the crude extract of sesame cake contains cinnamic, 4-hydroxybenzoic, p-coumaric, and vanillic acids with high area for cinnamic acid. Based on their retention time, some peaks were tentatively identified. Three significant peaks (peak 1, 2, and 10) in Fig. 8 were tentatively identified as protocatechuic acid, gallic acid, and sesamin, respectively. [29] Results demonstrated that differences in potato (c) Figure 8 HPLC chromatograms of methanolic extract from (a) potato peels, (b) sugar beet pulp, and (c) sesame cake. Identification: peak 1, unknown; peak 2, unknown; peak 3, hydroxybenzoic acid; peak 4, vanillic acid; peak 5, chlorogenic acid; peak 6, caffeic acid; peak 7, p-coumaric acid; peak 8, sinapic acid; peak 9, trans-ohydroxycinnamic acid; peak 10, unknown, and peak 11, cinnamic acid.
peels, sugar beet pulp, and sesame cake phenolic composition were significantly quantitative and qualitative, where potato peels showed higher amounts in 4-hydroxybenzoic than sugar beet pulp and sesame cake. Further, sugar beet pulp and sesame cake contain sinapic and cinnamic acids, which were not found in potato peels. Potato peels contain chlorogenic, trans-o-hydroxycinnamic acids, which were not found in sugar beet pulp and sesame cake. The antioxidant activity of phenolic compounds is affected by their chemical structure. Structure-activity relationships have been used as a theoretical method for predicting antioxidant activity and are studied by Ogata et al. [30] Polymeric polyphenols are more potent antioxidants than simple monomeric phenolics. Also, the antioxidant effect depends on the number and position of hydroxyl and methoxyl groups in the benzene ring and on the possibility of electron delocalization in the double bonds. [31] Vanillic acid, which was not found in potato peels, is hindered phenols, since the -OCH 3 group ortho or meta to the hydroxyl group suppresses antioxidant activity. This steric hindrance is likely responsible for the relative ineffectiveness of vanillic. In addition, the caffeic acid, which was found in potato peels and sugar beet pulp, have two -OH groups at adjacent positions that act as a chelator for most of the metal ions that act as pro-oxidants and that may catalyze the reaction even if present in trace amounts. For those reasons, all experiments demonstrated that the extracts prepared from potato peels had the highest antioxidant activity, followed by those prepared from sugar beet pulp, while sesame cake extracts were less effective.
CONCLUSIONS
Processing of crops, oilseeds, vegetables, and fruits resulted in the accumulation of large quantities of by-products. Proper utilization of these by-products could reduce waste disposal problems and serve as a potential new source of fats and proteins for use in food and feed. [32] [33] [34] [35] [36] [37] [38] Extracts of potato peels, sugar beet pulp, and sesame cake were prepared using different organic solvents wherein in vitro antioxidant activity of each extract was investigated. Different extracts showed varying degrees of antioxidant activity in different systems in a dose-dependent manner. As observed, extracts with high antioxidant capacity also had high levels of phenolic compounds. From the present study, methanolic extracts of potato peels, sugar beet pulp, and sesame cake can stabilize sunflower oil effectively at all concentrations. They inhibit thermal deterioration of oil by improving its hydrolytic stability, inhibiting double bond conjugation, and reducing the losses of polyunsaturated fatty acids. Potato peels extract at concentrations of 100 and 200 ppm and sugar beet pulp and sesame cake extracts at 200 ppm have stabilization efficiency comparable to commonlyemployed synthetic antioxidants, BHT and BHA, at their legal limit, but less effective than the synthetic antioxidant TBHQ. Potato peels extract has a strong antioxidative effect during initial and final steps of oxidation in the dark in an oven at 70
• C for 72 h followed by sugar beet pulp and sesame cake extracts. Therefore, potato peels, sugar beet pulp, and sesame cake could be recommended as potent sources of antioxidants for the stabilization of food systems, especially unsaturated vegetable oils and they could be used as preservative ingredients in the food and/or pharmaceutical industries. Eight individual phenolic compounds were identified using HPLC in the studied samples. The phenolic compounds appear to be responsible for the antioxidant activity of the extracts, although further studies are required to reveal whether they contain other antioxidative constituents. In addition, in vivo evidence and isolation of antioxidant components in potato peels, sugar beet pulp, and sesame cake merit further investigation to evaluate their potential benefits.
